Abstrae~Microprobe analysis of a synthetic large crystal type X zeolite shows that the silica to alumina molar ratio increases from the crystal center to the exterior.
INTRODUCTION
Microprobe analysis has become a routine technique used by geologists and metallurgists to facilitate phase identification and determine metal concentration profiles. Although the technique has been used to measure gross concentration gradients along a catalyst surface (Chen and Anderson, 1976) , the X-rays generated by the microprobe are limited to spatial resolutions of 1-3 pm. Thus, analysis of the extremely small agglomerates known to be catalytically active generally is not possible. Some work has also been reported on the microprobe analysis of naturally occurring zeolites (Rinaldi et al., 1975) . However, little has been published on the catalytically interesting synthetic zeolites because of their small crystal size. In this note the problem has been minimized by using a large crystal of zeolite X and special mounting techniques. It will be shown that the silica to alumina molar ratio of the zeolite increases from the crystal center to the exterior.
EXPERIMENTAL
Large crystal type X molecular sieve (50-75/~m) was synthesised and had the following analysis (in weight ~): Na20 = 13.9, SiO2 = 38.0, A120 3 = 24.0, H20 = 24.0. This material was contacted with Pt(NH3)4C12 (sufficient to give 20 weight % loading) for 5 rain, filtered, and dried at 100~ overnight. An epoxy resin solution consisting of dodecenyl succinic anhydride (DDSA), Araldite 502 resin, and dimethylaminomethylphenol (DMP-30) hardener was prepared and deaerated. The resin was poured over the zeolite sample which had been placed in a polypropylene cap plug, and the filled mold was placed in a vacuum desiccator. When bubble evolution stopped, the system was returned to ambient pressure and cycled several times; the epoxy impregnated zeolite was then cured at 60~ overnight. After curing, the specimen was removed from the mold and hand ground, followed by an ethanol rinse. Final grinding was on a metallurgical lapping wheel with 1 #m diamond paste and kerosene lubricant. At no time was the specimen contacted with water.
The samples were carbon coated prior to microprobe analysis. Analysis was performed by a non-dispersive X-ray analyzer (EDAX) and a Cambridge Stereoscan electron microscope operated at 20kV. The beam diameter of ~ 500 A resulted in an analysis volume of 1-2 #m. Analysis time was 80 seconds for each point. When a suitable cross-section was found, ten to twenty points were analyzed from right to left; the specimen was then translated ~ 4 #m and another analysis made in a direction parallel but opposite to the first set of points. This technique, known as coincidence analysis, allows one to better distinguish between possible random analytical variation and real composition changes. Background smoothing and subtraction were done by the EDAX program after each point analysis. Random variation was minimized by plotting the ratio of the integrated metal intensities with respect to aluminum present in the zeolite:
i.e. (Ptt~+La)/(Alx~+Ka) and (Sir~+rp)/(Alr,+rp).
It should be emphasized that quantitative analysis of the elements is not obtained since this requires an elaborate series of standards. However, relative changes in metal intensity ratio show that concentration changes do occur.
RESULTS AND DISCUSSION
The true cross-section of an octahedral type X crystal results in a regular hexagon. Although squares and triangles can be formed, these were not analyzed since they need not expose a surface containing the composition of the crystal interior. Although approximately ten crystals were examined, only the photomicrograph of a typical one is shown in Figure 1 ; the analysis spots are visible. Shown in Figure 2 is the siliconaluminum concentration profile of the crystal displayed in Figure 1 . This indicates that the crystal is more siliceous at the edges than the interior. It is known that alumina is the limiting reagent in the synthesis of type X (Breck, 1974) . Thus, although one might expect the presence of such a concentration gradient, this is the first direct indication that one exists. It should be noted, however, that the distribution in a ~ 60 ttm crystal may not be relevant to that of a 1-3 #m type X zeolite, Although the monotonic decrease in silicon level makes them unlikely, alternative explanations for the concentration gradient would be the presence of an alumina rich nucleation site or discontinuous crystalline phase boundaries. The 7~o deviation in the ratio of the Si/AI intensities shown in Figure 2 does not necessarily coincide with the chemical variation; again, standards would be necessary. The platinum ion distribution given in Figure 3 also shows a concentration gradient along the crystal cross-section; the decrease in platinum ion from edge to center is presumably due to the short exchange time. Although all crystals examined showed a decrease in the Si/AI ratio from edge to center, this was not always the case with the platinum profile. This may indicate that there is considerable heterogenity in exchange rates among large crystals. Figure 1 . Photomicrograph of cross-section of large crystal type X zeolite with analysis spots.
